Untreated leprosy patients were examined with respect to lymphocyte transformation in vitro after stimulation with mycobacterial and other microbial antigens, allogeneic lymphocytes, or nonspecific mitogens. Methods were used to circumvent technical variability. The results were compared with those obtained in controls matched for age, sex, race, and environment. No evidence was found for a generalized impairment of lymphocyte transformation in vitro, whereas a specific defect towards Mycobacterium leprae was demonstrable in lepromatous leprosy patients. The response to M. leprae, investigated in untreated and treated leprosy patients, decreased along the leprosy spectrum. Moreover, the results of the one-way mixed lymphocyte cultures showed that lymphocytes from leprosy patients had a normal stimulator and responder capacity, when they were tested against a panel of allogeneic lymphocytes. The influence of serum factors was investigated in untreated leprosy patients in the mixed lymphocyte culture. On average, tuberculoid as well as lepromatous sera showed a low-level depressive effect, but some sera showed a stimulatory effect. Therefore, a depressive effect of serum factors cannot be considered to be a general feature of leprosy. The correlation between the Mitsuda type of lepromin skin test and the lymphocyte reactivity in vitro to M. leprae was studied, and a positive correlation was found.
Untreated leprosy patients were examined with respect to lymphocyte transformation in vitro after stimulation with mycobacterial and other microbial antigens, allogeneic lymphocytes, or nonspecific mitogens. Methods were used to circumvent technical variability. The results were compared with those obtained in controls matched for age, sex, race, and environment. No evidence was found for a generalized impairment of lymphocyte transformation in vitro, whereas a specific defect towards Mycobacterium leprae was demonstrable in lepromatous leprosy patients. The response to M. leprae, investigated in untreated and treated leprosy patients, decreased along the leprosy spectrum. Moreover, the results of the one-way mixed lymphocyte cultures showed that lymphocytes from leprosy patients had a normal stimulator and responder capacity, when they were tested against a panel of allogeneic lymphocytes. The influence of serum factors was investigated in untreated leprosy patients in the mixed lymphocyte culture. On average, tuberculoid as well as lepromatous sera showed a low-level depressive effect, but some sera showed a stimulatory effect. Therefore, a depressive effect of serum factors cannot be considered to be a general feature of leprosy. The correlation between the Mitsuda type of lepromin skin test and the lymphocyte reactivity in vitro to M. leprae was studied, and a positive correlation was found.
Although it is generally assumed that the type of leprosy from which a patient suffers is determined by the degree of cell-mediated immunity toward Mycobacterium leprae, it is still controversial to what extent, if at all, cell-mediated immunity in general is impaired in leprosy patients, notably in lepromatous leprosy patients. Evidence for such an impairment has been obtained in several studies in which different parameters for cellular immunity were used: delayed type hypersensitivity skin reaction (6, 7); induction of contact sensitization (7, 28, 40, 46, 49) ; skin allograft survival (21, 23) ; normal lymphocyte transfer tests (39, 40) ; and lymphocyte transformation test (LTT) with nonspecific mitogens and antigens (9, 14, 21, 24, 26, 27, 30, 42, 45) and the mixed lymphocyte culture (MLC) (20) . However, the results obtained have not been consistent; in some studies no evidence for a generalized impairment has been found, and in several of the above-mentioned studies an impairment of the response to a particular antigen or mitogen was accompanied by a normal 649 reactivity to other stimuli (7, 14, 15, 24, 28, 33, 34, 42, 47) .
In the present study we have tested the in vitro reactivity of lymphocytes from leprosy patients as a parameter probably related to cellular immune reactivity. The response to a variety of mitogens and specific antigens (soluble and corpuscular bacterial antigens as well as allogeneic lymphocytes in the MLC) could be tested in one experiment.
Because a depressive effect of serum from leprosy patients has been described by some investigators, for instance on the reactivity in the MLC (20, 31) , we have tested the influence of the serum of patients in the MLC.
Some studies indicate that a generalized impairment of lymphocyte reactivity in vitro tends to normalize upon treatment (22, 27, 30, 31) ; therefore, only patients who had not yet received treatment were accepted for these studies, with the exception of the investigation of the response to M. leprae across the leprosy spectrum, which was studied in untreated and treated patients, as 650 FABER ET AL. the response to M. leprae is reported not to be influenced by treatment (2, 16, 24) .
The Mitsuda type of lepromin reaction is considered to be a measure of the resistance of the host to infection with M. leprae (35) . The correlation between the lepromin reaction and the lymphocyte response in vitro to M. leprae has been studied by Myrvang et al. (29) in leprosy patients. However, in a number of leprosy patients, so-called "reversal reactions" may occur (36) . During this type of reaction lymphocytes from these patients show increased reactivity in vitro to M. leprae (1, 17) . This type of reaction is supposed to reflect a delayed-type hypersensitivity phenomenon (2) . We studied the correlation between the lepromin skin test and the lymphocyte response in vitro to M. leprae in a few patients at the extremities of the leprosy spectrum (in whom reversal reactions do not occur), as well as in leprosy contacts.
MATERIALS AND METHODS
Patients and controls. All patients were classified by the criteria of Ridley and Jopling (37) with minor modifications by Leiker (25) . Patients in or with a recent reactional phase of the disease were excluded from the study. All patients, except one untreated lepromatous patient, were living in The Netherlands for more than 1 year.
In the first set of experiments the tuberculoid patients consisted of seven untreated tuberculoid patients; the lepromatous patients consisted of four untreated borderline lepromatous and three untreated lepromatous patients. Age-, sex-, and race-matched controls, who all had been living in The Netherlands for more than 1 year, were selected.
The response to M. leprae across the leprosy spectrum was studied in 34 untreated and treated patients: 9 tuberculoid, 5 borderline tuberculoid, 13 borderline lepromatous, and 7 lepromatous.
The influence of serum factors in the MLC was examined in five untreated tuberculoid, one untreated borderline lepromatous, and four untreated lepromatous patients.
In the studies comparing the lepromin skin test reactivity with the lymphocyte transformation in vitro to M. leprae, the LTT was always performed either before or more than 6 months after the skin test.
Lymphocyte isolation and preservation. Lymphocytes were isolated from defibrinated blood by Ficoll-Isopaque density gradient centrifugation by the method of Boyum (5) and stored in liquid nitrogen (12) .
Lymphocyte cultures. Lymphocyte cultures were performed as described by Du Bois et al. (13) . Briefly, the procedure was as follows. After washing and cell counting, 4 x 104 lymphocytes were cultured in Cooke round-bottom microtiter plates (220 M-24 AR) in 150 pl of medium RPMI 1640 which was buffered with bicarbonate and supplemented with 20% heat-inactivated human serum (pooled from 10 random donors, selected for low background activity), penicillin (100 IU/ml), and streptomycin (100 .tg/ml). Incubation was performed at 370C in a humidified atmosphere of 5% CO2 in air.
The following stimulants were used: phytohemagglutinin (Wellcome Research Laboratories), 50 pg/ml; concanavalin A (Sigma Chemical Co.), 60 tg/ml; PWM (Grand Island Biological Co.), 50 ,tg/ml; purified protein derivative (RIV), 12 ,Lg/ml; Candida albicans In the one-way MLC 4 x 104 nonirradiated lymphocytes in 75 ,l of culture medium were mixed with 4 x 104 y-irradiated (2,000 rad) allogeneic lymphocytes in 75 ,ul of culture medium. Stimulator activity was determined against five different individuals (A, B, and C, cryopreserved lymphocytes; D and E, freshly isolated lymphocytes); responder activity was determined against pools of y-irradiated lymphocytes. Three pools were used, composed of lymphocytes from 35, 35, and 3 individuals.
Phytohemagglutinin-and concanavalin A-stimulated cultures were terminated after 3 days; all the other cultures were terminated after 6 C. albicans, Trichophyton, Varidase), and it also shows the results of the one-way MLC of seven untreated tuberculoid and seven untreated lepromatous patients and their matched controls. The response to M. leprae was significantly lower in lepromatous patients compared with tuberculoid patients (P < 0.001). Lepromatous patients showed a significantly decreased response to BCG when compared with tuberculoid patients (P = 0.038), whereas no significant differences were found between the patients and their matched controls. With respect to the other antigens, no significant differences were found, except for a decreased response of lepromatous patients to mumps antigen when compared with their matched controls (P = 0.046); a similar difference was found between the lepromatous and tuberculoid patients (P = 0.012). This difference may possibly be due to a difference in sensitization to the various antigens. There were no significant differences with respect to the stimulation by nonspecific mitogens. Finally, stimulator and responder capacity in the one-way MLC showed no significant differences.
The reponse to M. leprae across the leprosy spectrum was investigated in 34 patients (Fig.  1 ). There was a significant difference between tuberculoid and borderline tuberculoid patients (P = 0.002), as well as between borderline tuberculoid and borderline lepromatous (P = 0.002) and lepromatous patients (P = 0.009). In borderline lepromatous and lepromatous patients marginal responses were observed, with the exception of one lepromatous patient. The latter patient also showed a strong LTT response to BCG and purifed protein derivative, as well as a positive skin test to purified protein derivative indicating the possibility of crossreactivity between the mycobacteria.
The results of the one-way MLC of lymphocytes from five untreated tuberculoid and five untreated lepromatous patients showed a possibly significantly lower response when they were cultured in autologous serum, as compared with cultures in pooled normal human serum (P = 0.04). In this respect there were no differences between tuberculoid and lepromatous sera; similar effects were found in MLC cultures when three different pools of irradiated stimulator cells were used. It appeared that some sera even had a stimulatory effect (Table 2 ). It should be emphasized, however, that no definite conclusions can be drawn, because cultures in autologous serum have, in general, a tendency to show decreased stimulation, as the pooled human serum batches are selected for optimal culture results.
The correlation between the lepromin skin test reactivity and the in vitro lymphocyte reactivity to M. leprae is shown in Fig. 2 
DISCUSSION
Several authors have found that in leprosy, especially of the lepromatous type, there is a generalized impairment of cellular immunity, when tested with delayed type hypersensitivity skin reactions (6, 7) , induction of contact sensitization (7, 28, 40, 46, 49) , skin allograft survival (21, 23) or normal lymphocyte transfer tests (39, 40) . According to some reports, lymphocyte reactivity to nonspecific mitogens and antigens (9, 14, 22, 24, 26, 27, 30, 42, 45) and allogeneic lymphocytes (20) is also impaired. Our results, obtained in the present study, do not support the latter findings.
In the previous studies the response to one or a few stimulants was tested; therefore, in the present study the response to three mitogens, three mycobacterial antigens, and four other microbial antigens, as well as stimulator and responder capacity to a panel of allogeneic lymphocytes, was examined. Because variations in the different studies may reflect variations in the control groups (18) , the patients were compared with controls matched for age, sex, race, and environment. To minimize technical variability, which inevitably occurs in a study performed over a prolonged period of time, we used cryopreserved lymphocytes. Moreover, the cultures were initiated on 3 consecutive days; as a result of these precautions, any variability in culture media and batches of stimuli was circumvented.
That there is a decreased response to M. lep- Mean -3,337 -2,362 a Mean values of the differences of reactivity in autologous and pooled human serum against three pools of irradiated stimulator cells are recorded, expressed in counts per minute after subtraction of the counts per minute of the unstimulated control cultures. A minus sign indicates lower reactivity in autologous serum, and a plus sign indicates higher reactivity in autologous serum.
rae in the LTT in lepromatous patients is detected with a high level of significance (P < 0.001), and this confirms various earlier studies. The response to M. leprae decreased from tuberculoid to lepromatous patients, which is in accordance with other studies (2, 24, 29) ; in this respect there was no difference between borderline lepromatous and lepromatous patients in the present study. Because "stable" patients show responses of the same magnitude during treatment (2, 16, 24) , untreated and treated patients were grouped together.
There was also a significantly decreased response to BCG in lepromatous patients compared with tuberculoid patients; this is in accordance with the positive correlation which was found between the responses to BCG and M. leprae in the LTT. (unpublished data).
On the contrary, the response to nonspecific mitogens and other bacterial antigens, with the exception of mumps antigen, was unimpaired in tuberculoid as well as lepromatous patients.
From our study it appears that the mixed lymphocyte reactivity is unimpaired in lepromatous patients, in contrast to the findings of Han et al. (20) , although similar results were reported by Godal et al. (15) in the two-way MLC. It might be argued that this finding was not to be expected in view of the impaired capacity to reject skin allografts (21, 23) . However, although the MLC is related to the recognition phase of the allograft rejection, it should be realized that the actual rejection process is dependent on the activity of cytotoxic T-lymphocytes. It might be that the latter activity is impaired in lepromatous leprosy. The T-cell effector phase was not studied in the present series of experiments.
The possible occurrence of a suppressive effect on lymphocyte reactivity by serum factors from leprosy patients was investigated by testing the influence of such sera on the mixed lymphocyte reaction. No uniform effect was found, supporting the conclusions of Mehra et al. (27) that serum factors may play a role, but are not a general feature of leprosy.
The correlation between the Mitsuda type of lepromin reaction, considered to be a measure of the resistance of the host to M. leprae (35) , and the in vitro lymphocyte reactivity to M. leprae has been studied in leprosy patients by Myrvang et al. (29) . They found a correlation of 0.52. The higher correlation (0.81) found by us is most likely the result of the selection of the subjects and the sensitivity of the test. As the lymphocyte reactivity in vitro to M. leprae in leprosy patients is also correlated with the occurrence of reversal reactions (1, 17) , a situation comparable to a delayed-type hypersensitivity reaction (3), it is important that leprosy patients investigated by cellular immunological in vitro techniques be exactly defined.
In the animal model the development of cellmediated immune reactions after infection with mycobacteria is determined by genetic factors of the host (11, 48) and by the amount and route of administration of the antigen (3, 10, 38) . Moreover, viable mycobacteria show more profound effects than do killed mycobacteria (3, 10) . On the other hand, recent reports (4, 43, 44) seem to suggest that heat-killed M. leprae are as immunogenic as viable M. leprae. Bullock (8) found a disturbance of the circulation of thoracic duct lymphocytes in rats with an active infection with Mycobacterium lepraemurium. Ptak et al. (32) (41) .
From the present study it can be concluded that lepromatous leprosy patients show a strongly decreased lymphocyte response in vitro to M. leprae. However, the in vitro response in VOL. 22, 1978 on 
